INTRODUCTION
Asthma has become a major public health issue in urban areas because of its increasing prevalence 1 and disproportionate impact on low-income and minority urban communities. 2-5 While the cause of increasing asthma morbidity is not clear, exposure to allergens and irritants in the indoor environment has emerged as an important cause of asthma exacerbations. Dust mites, roaches, rodents, tobacco smoke, molds, and pets have all been implicated as common indoor environmental asthma triggers. 5 11 Wheezing, asthma, and exposure to asthma triggers have also been associated with specific home environmental conditions, including dampness, water damage, humidifiers, gas stoves, carpeting, doubleglazed windows, and possibly exposure to volatile organic compounds, NO2, O3, and particulates. 6-9"12-16 Previous studies provide limited information regarding the prevalence of these triggers among urban populations, and none report on the frequency of the full range of suspected triggers and risk factors. Some evidence suggests that they may be more common in substandard housing occupied by lowincome residents. 17'8 Furthermore, little is known about the knowledge and resources of low-income households regarding control of the triggers. The few publications indexed in Medline that address these topics 19-22 did not include information on urban low-income US groups, except for one report of a focus group. 23 In this paper, we describe the indoor environment and housing conditions in a low-income, multiethnic urban population of children with asthma. We also describe the knowledge and resources of this population regarding control of these triggers.
Our findings are derived from preliminary data from the Seattle-King County Healthy Homes Project. Healthy Homes is a randomized controlled trial to evaluate whether outreach, education, and simple tools can reduce exposures to indoor asthma triggers and asthma morbidity. Outreach workers conduct an initial home environmental assessment, develop a home action plan, and complete eight additional visits over the next year. They offer a comprehensive package of education and social support, encouragement of behavior changes, provision of materials to reduce exposures (allergy-control bedding covers, vacuums, doormats, cleaning kits), help in locating assistance for making structural improvements to reduce moisture and control pests, and help in advocating for improved housing conditions.
METHODS

SETTING AND STUDY POPULATION
The Seattle-King County Healthy Homes Project is located in King County, Washington, an urban area that includes Seattle. A household is eligible to participate if it includes a child aged 4-12 years with asthma of at least mild persistent severity. 24 A child is considered to have asthma if review of medical records or verification with a medical provider confirms the diagnosis. Additional inclusion criteria consist of household income less than 200% of poverty or Medicaid enrollment and the child spending at least half of the nights in the same bed. Households are excluded if the child has a coexisting nonasthmatic cardiopulmonary disease (e.g., cystic fibrosis or congenital heart disease) or has participated in other intensive asthma interventions in past 2 years (e.g., case management or outreach programs).
We are recruiting households through several channels. Sixteen clinics (community health centers, public health clinics, public hospital clinics, and other providers of care for low-income populations), the major children's hospital in the region, the county public hospital, and several emergency departments provide lists of children with recent asthma encounters. Staff of many government and community agencies (e.g., welfare offices, Head Start programs, public schools, public housing, community and recreation centers, libraries, and youth agencies) refer children to the project. An invitational letter is mailed to each of these families, and up to six attempts to establish telephone contact during a 6-week period are made to those who do not reply to the letter. The project is also promoted through local media outlets. Outreach through churches, community events, sororities, and community organizations is an additional source. Enrollment began in January 1999 and will be completed in March 2000. by questioning on use of irritant products 36 (e.g., bleach, ammonia, volatile organic compounds, drain and oven cleaners, air fresheners) and heating or cooking sources (wood stoves and unvented kerosene, gas, or propane heaters or stoves).
Dust and dust mite exposure is assessed by observing the presence and type of bedding materials, carpets and rugs, drapes, upholstered furniture, and stuffed toy animals. In addition, use and condition of filters in forced-air heating systems are examined.
Presence of roaches, rodents, and pets is described by self-report and observation during the HEAL-II. Conditions favoring roach infestation 37 (presence of food debris or unsealed stored food, clutter, trash, etc.) are also noted.
Evidence of excessive moisture is collected by questions on humidifier use, fog on glass surfaces, measurement of relative humidity, presence of vapor barriers and vents in crawl spaces, and direct inspection for mold, leaks, wet carpeting, and water damage. A home is considered "damp" if windows other than those in the bath and kitchen fog often during the heating season or if bathroom glass surfaces remain fogged for more than 15 minutes after showering.
Ventilation is assessed by observing the presence and use of exhaust fans in kitchen and bath and testing the function of the fan by observing whether it generates sufficient suction to hold a piece of two-ply tissue paper against the grille. The presence of operable windows in kitchen and bathroom is also noted.
A home is considered to have a major asthma trigger if any of the following are presentS-11'38'39: a smoker in the home, visible mold or a moldy odor, roaches reported in the past 3 months, rodents reported in the past 3 months, furred/ feathered pets in the home, or exposure to dust mites (defined as lack of allergycontrol mattress covers). This definition is used to define a measure of total exposure across multiple triggers and sensitizers. 
HUMAN SUBJECTS AND COMMUNITY REVIEW
All protocols and questionnaires were approved by the Institutional Review
Board of Children's Hospital and Medical Center, Seattle, Washington. In addition, the project has been approved by Seattle Partners for Healthy Communities, a community-researcher collaborative, which has a goal to ensure that community-based research is respectful of and responsive to community preferences.
RESULTS
RECRUITMENT AND ENROLLMENT
In this preliminary analysis, we present baseline data from the first 112 enrolled subjects. We have identified 541 children with asthma from medical record review and community recruitment. We have been able to contact 335 (62%) to determine eligibility and interest in participation in the project. Incorrect or disconnected phone numbers, no answer after six attempts at phone contact, and no response to a second mailed invitation were the primary reasons for not reaching the The enrolled caregivers (Table I) 
CAREGIVER KNOWLEDGE OF INDOOR ASTHMA TRIGGERS
Caregivers are informed about some triggers and how to control them, but also show important limitations in their knowledge (Table III) . Most are aware that 
HOUSEHOLD RESOURCES TO CONTROL ASTHMA
Caregivers lack basic tools for effective control of indoor asthma triggers (Table   IV) . Only 19.8% of their children with asthma have allergy-control mattress covers, 11.5% have a vacuum with an effective air exhaust filtration filter, and 38.9% have doormats at every door.
DISCUSSION
Low-income urban children with asthma in King County live in indoor environments that place them at substantial risk of ongoing exposure to asthma triggers.
Through interviews and home inspections of the first 112 participants in a randomized crossover trial of home environmental interventions, we have identified substandard housing--characterized by poor ventilation, visible mold and moisture damage, and cockroach infestation--as a major contributor to these exposures. Dust reservoirs such as carpets, drapes, upholstered furniture, and stuffed animals are common. Pets and cockroaches also are reported frequently. More than a third of households include a smoker. Irritant chemicals are found in most homes. Exposure to combustion by-products is generally low because gas and wood stoves are uncommon.
Caregiver knowledge of indoor triggers and how to control them is well developed for environmental tobacco smoke and dust, but could be improved for moisture, dust mites, and cockroaches. Caregivers, even if well informed, often cannot use their knowledge to protect a child because they lack the resources to do so. Most do not have allergy-control bedding covers, adequate vacuum cleaners, or sufficient doormats. Many did not have access to wash water hot enough to kill mites, perhaps because of regulations that require water heaters to be set to no more than 120~ to avoid scald injuries. 65 KRIEGER ET AL.
CO~PAmSON TO OT.~R STUO~r
We found few published studies that document the prevalence of indoor asthma triggers and associated housing conditions in households with children with asthma. Environmental tobacco smoke is best described, and our rate is consistent with those found in Seattle public schools 8 and users of a Montreal emergency department 9 and is lower than observed in the National Cooperative Inner City Asthma Study 7 and a Canadian community survey. 6 Several studies have documented the prevalence of damp or moldy housing 6's'9'66 (ranging from 24% to 64%), as well as the proportions of households with gas stoves (9-89%) and gas or oil heat (6-62% and cultural diversity of the subjects and houses included in these studies.
These findings underscore the importance of assessing local conditions before implementing initiatives to control exposure to asthma triggers.
Few published studies report on participants' knowledge of indoor asthma triggers, and none focused on American, urban, low-income populations. Our participants showed a higher level of awareness of tobacco smoke compared to rates reported in the limited available literature (36-90%) and similar rates regarding dust and pets (85--90%). 20-22
LI MITATION5
This study has several limitations pertaining to external and internal validity.
Because participants enroll voluntarily, its findings may not apply to the general population of low-income urban households with asthmatic children. However, there were no significant differences on key demographic and asthma-related variables among those who did and did not enroll. The participants enrolled in our study are similar to those enrolled in the National Cooperative Inner-City
Asthma Study 34 (a cohort of 1,528 children with asthma from eight urban innercity areas) with respect to educational attainment of the caregiver, gender of the caregiver, and household income. The proportion of Asian participants is higher in our study, while the proportion of African-Americans is lower. We also note that we do not assess conditions in higher income households and therefore Internal validity may be compromised because we report on exposures assessed by caregiver self-report and staff field observation without physical or biological measurements such as antigen load in dust, ambient tobacco levels, urinary/ salivary cotinine levels, or levels of volatile organic compounds. 67 We are collecting quantitative dust samples and will report in future publications on dust loading of bedroom carpets (~tg dust/m 2 carpet), allergen concentrations (mite, roach, cat, and dog) in dust (~tg allergen/g dust), and fungal spore concentrations and type.
In addition, we are collecting temperature and humidity data for a 2-week period in each household to improve our assessment of excessive moisture. Additional measurement of tobacco exposure is beyond the resources of this project. A recent report 68 indicates that observational and self-report data regarding environmental exposures correlate well with biophysical measurements. Likewise, caregiver activities are also assessed by self-report and are subject to bias from social desirability.
However, we know of no other practical way to assess these activities, and use of self-reported health behavior data is common practice. 35
In addition, we have been unable to find standard, validated measures of exposures, knowledge, and activities for many of the study variables. We believe our questions have face validity, and they have been subjected to review by program staff and participants to ensure that they are meaningful and unambiguous in the context of participants' lives. However, we have not validated our questions against other "gold standard" questions. Validation of questions that measure self-reported exposure against biophysical measures would be useful. 68
Exposure to allergens is necessary, but not sufficient, to induce asthma symptoms; current understanding of asthma pathophysiology 26 suggests that the child must also be sensitized (allergic) to the allergen as well. Knowledge of sensitivity is useful in interpreting the results of exposure data; exposures are more likely to cause morbidity among persons who are sensitized to the agent in question.
While we are collecting sensitization data through skin prick testing, these data
are not yet available. In addition, in clinical practice, many inner-city children
with asthma are not skin tested (because of lack of referral or logistical problems).
In our population, only 42.4% had been tested prior to enrollment. Practically speaking, then, this information may not be available for many urban children and thus cannot guide intervention strategies.
A final limitation is that these data are preliminary and reflect the experience of the first 112 subjects enrolled of a planned total of 300. Future reports will describe the baseline experience of the total cohort and will contain additional information regarding caregiver activities related to control of indoor environmental triggers, information received by caregivers from clinical providers, spirometry results, improved estimation of moisture levels, and analysis of carpet dust loading and dust allergen concentration. We will examine the association of asthma severity, race, and language preference in relation to exposures, knowledge, practices, and resources. The relationships of knowledge and resources to self-efficacy and exposures will also be presented.
| MPLICATIONS
Despite these limitations, these data have immediate implications for control of asthma in urban low-income populations. 5 Health educators and providers should provide clients with more information regarding the indoor environment and asthma, especially regarding moisture, dust mite control, and cockroaches.
Several resources provide excellent client information. 3~' 69 Ongoing efforts to assist low-income smokers in quitting should be supported. Health insurers should include allergy-control bedding covers as a durable medical equipment benefit given the evidence that they are effective in reducing asthma morbidity. 7~ Public health advocates should work with policy makers to address concerns related to substandard housing so children with asthma and their households can live in housing free of asthma triggers. Strategies may include development of "healthy homes "39 for low-income tenants at public housing sites, assistance to landlords of low-income tenants for making structural improvements to improve indoor air quality, and expanded tenants' rights to protect tenants when they request that landlords make improvements in indoor air quality. Finally, strategies to empower low-income families to improve the quality of the indoor environment 
